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Abstract: Acoustic communication plays an important role in the survival and reproduction of anurans. In
anurans, the calling activity has a circadian rhythm that is affected by environmental factors and social context.
In this study, we recorded the calls of 57 males of Hylarana guentheri, from August to September in 2016, to
analyze their acoustic characteristics. We investigated the temporal rhythm of the calling behavior and the
relationship with the air temperature and relative humidity (17 d). The results showed that the calls of H.
guentheri were composed of from a single note to four notes (Fig. 1), the notes from different call types of H.
guentheri differed in dominant frequency and duration (P < 0.05) (Games-Howell test, Table 1). The calling

activity occurred from day to night, with a peak at 13:00 - 14:00 (Fig. 2). Moreover, the number of call in
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single-note calls, two-note calls, three-note calls, total calls and total notes were greater during the day than at

night (P < 0.01) (Mann-Whitney U test, Table 2). Furthermore, the calling activity of H. guentheri was

affected by the air temperature (P < 0.01) (Spearman correlation analysis, Fig. 3). The results showed that the

strategy of call was changed by changing the number of notes, dominant frequency of notes and duration of

notes. The calling activity of H. guentheri followed circadian rhythm, and affected by air temperature.

Key words: Acoustic characteristics; Air temperature; Daily circadian rhythm; Hylarana guentheri; Relative humidity

W L 2 TG B R A SR B ) A A ) 1A T 75 5 0
W EE TR —, RS FETERME, W
AR G S FE AR EEAEH (Wells et al.
2006, Chuang et al. 2016). J&RPHIEEIY1)
NI 7 455 A R X 7 B, e S P e O g s AR
I | B AN BRI I (S 5 R A,
AT R v 3 AR R A, A 2 R rh R A A B
(Ryan et al. 1982, Wells et al. 2006). #Xifi,
AN Y F5 AT s B I RERARAY,  RARANY
FEHFEAMEAXN T2 (R E, WG T
a7 AR (Ryan et al. 1982, Prestwich
1994) o B 50 R IUMEVEAN A ) EAT BB 56 4 T
i RN T S AN =0 I (DA S L
AN D I eI 2 B AT SIS 75 (Ryan
etal. 2001) . [Ftk, %FCREFIAELENI SR
TERIIT 7T A B BR ARG 75 2540 B o Mgk Ak .

K& 5 TC R AR S s i AT R B —
SE M ME, a4 B A ( Rhacophorus
rhodopus) 1% HL 46 T4 19:00 i, X H 3:00
I 45T (FhEHTE 2017) 5 8E (Crossodactylus

gaudichaudii) 7£ [ K% 1Y ( Almeida-Gomes et al.

2007) ; Kiz#iE (R dennys) &IFEmgNY, 4
BCHTEA N FL S Y =i ] (Wang et al. 2012) o 8
PG I A Z B 5w G SRS EAT AR W
(Given 1987, Wells et al. 2006) , %R AL} i
(Hyla gratiosa) MfEVEAMA IR, AgIY 4T
N4 R (Murphy 1999) ; KIF it (Rana
virgatipes) BEAEMEMERIIGZ, F 0 K E
BN (Given 1987) ; -} 1-#% (Hypsiboas
goianus) R4 7 M A RIS HARIAT iE B, R
Hg g 550 5 1) 3 & (Dias et al.
2017) o B4, KEBFFRRILTC RPN

(RN I 5B T 52 AR ) DR 3% 1R s e 4 52 A B IR
J& (Cuietal. 2011, E[F5E%2019) « AR
fE (Cree 1989, E[RIFEE 2019) SRR
(Hatano et al. 2002) & Z=5 484 (Canavero et al.
2008) FEAEAEYI R ZK 152 (Dias et al. 2017) .
—MINN, IREGIR S S G R P AT 2R sh g
ME S E BRI AEAEYIR F, AR R I 20128
BRI oA, TS IY4T A (Harris 1966, van
Sluys et al. 2012, Caldart et al. 2016) . H i,
SXof W RS S U 5 A5 (R A 7 AR TR AE AR R B A Y
NAT R, x4 R B Y AT R )
FBT FRAEST# /D (Almeida-Gomes et al. 2007,
Cui et al. 2011) o XPREERAF TG 0L 15 AT 55
A BTz 0 7 @, X B A
R A B AR
/K (Hylarana guentheri) 3@ TidiF}
(Ranidae) /KHEJE . AAFEMEMEAK 59 ~ 82 mm,
WEPEARK: 62 ~ 84 mm. iZAWFPAE E A T E A i
fEnf WL, T Wrmaiihx, o
FENAAIEEAEZR (R 2012). AFH
X VA K B R — e 2 5, WnTE /KSR
RSN 4 £ 9 A (BWE 1979), 15
FERETHMN 4 2 6 H (HEHREE 2016),
BRI TR] (R 55 1 M I ek 35 LA g I 47y (3%
B 1979, Zhou et al. 2014, M- E #8255 2016).
HIXTAT R 2 RAEAERE R 19:00 B 2= H 3:00
A AT CARI D25 2003 ). AS T4 Fi ST 5
R, A S TR B VA OK R 2 AW AA
L, 12 AWIEHEAER. HurE W sy
Pl fpy ng B RRAE O HEAT T A OCHRIE . Wei %
(2019) 383k 43 BT 73 A 75 Wi L A4 R1VA 7K B g
FERFIE, 5 FoAth 3 A DX VA 7K [0S 7 R AiE g



534 DR : VA 7K I BT SIS 75 R S e 45 * 661 ¢

T 7 LR, N IZ R I G A AR M B AR 5
AT TC I M 1 5 AT 5 1 Bl B A K ek g e S
RFALE B Mg U 5 7

1 #MEETE

1.1 HhE5ME

AHIE T T R A T — b N AT
(19°59'52" N, 110°2036" E, 4k 12 m). X%
HHIRIASEIEE 25.9 ~ 34.5 °C, AHNHEE 54.5% ~
100.0%. SEEISFEH, BENUHAIE T 14 R
PEVEKEE, HAKK Y (84.18+5.49) mm, A=
N (38.91+6.38) g.
1.2 SRV

2016 4F 8 F1 9 H, KA A1 A
( SENNHEISER-K6 ,
corporation, Germany ) £k = L (MARANTZ-
PMD661, Marantz Japan Inc., Japan) 3xifilli5
P, NIRRT 10 ~ 15 mine 335K
FFEEAEL (mono), AL wav k% 20 LR
1o WKW Tk, HEAER
N Y47 SRy S B R AU P o R dB o) ] — A
WERRE, FEELREHE RSN ik
BSR4 d s gy AN A8l i R o7 B i
PR RS SREEZ) 1 m (MK ORI ny A48
/) #1757 F (Arinietal. 2016). &4
Ja . ARICIZ XSO E . AR IER T 11
A XA

ML RHEREE (Q600, FrilEH AR
ANFE, FED 4K 24 h R, BRI N
A R H iR 0 A (HOBO Prov2,
Part U23-001, Onset Computer Corporation,
USA) HF% 1 h Hahic3 1 IRIFEEIR B AA X
VREE . ARHEA T AR B 5 H A H KR, KR
K 6:00 I 22 20:00 I (14 h) R4 AAK,
20:00 B 2K H 6:00 B (10 h) K150 N
1.3 BdES

K Hl Adobe Audition 3.0 (Adobe Systems
Incorporated, USA) XA FE & T &7
A A S KA T . RA

Sennheiser electronic

Praat # ff Version 5.1.11 ( University of
Amsterdam, Netherlands) 22|13 75 1) 35 2 B A
&l RH] SPSS19.0 #ff (IBM SPSS Inc.,
USA) #AT Gt 4. A BERE S T4l
ZIES ALK (Kolmogorov-Simirnov test)
7 Z 557 AL (Levene test). KH Welch &
5o 0t 22 4H & 1 1A G RS S AT BB SR
Games-Howell o 56 33F 4T 7 715 [A] 19 75 224401
PELHE; KA Mann-Whitney U f&36% AR5
TR BN (] Py (R0 P B i B T B AT 2
S E T R Spearman I AT, 4
AT B AT IS ) P S S R T A R S R IR
FEX R FE I AH DG o B LIP3 + AR 22

(Mean + SD) ®7x, P<0.05 A% R L, P<
0.01 NERWEE.

2 R

2.1 MYFEREAE

AW T 57 RIB/KEER 300 g7,
YIRS R 1 ~ 4 FARI R b sy
N FE AT T 24 RAMARTT 120 AN 7S, 0010
FEOMTT 17 RAMAR) 85 Mg, =FAing
SRTT 11 RAMARR 55 NGRS, U5 R 4y
17 9 RAMER 40 AN . S AR I, 4
IS L A ] (4] P 28 A7 e L A Ak 2 o e />
I, 1R IE R HE BRI R B T Y 7
2 Ny A BE B HS Y AMA R E R 2 B,
TR KEEAMA R & A 1 =T
FEECDY NG R, B TG R 0 NG
ARG G PR EANE EELE 1, g
FYFIEILE 1.

ZW RS ARG ECY 394.68 ~
1635.86 Hz, & Tl KA 82.00 ~
201.67 ms, /[FJZEAYNG 7 [a] [ 55 AR T
NKAFEREER (P<005 #1), 51E
ARURA B 15 I AE [R]— SR 2 7 v 3506 W 38 72
(P>0.05, 3 1. & 19540 G 9 140.60 ~
515.60 Hz, B & 15 09000 3500 B 3 2
(P>0.05, % 1),



° 662 °

)

2
A E

Chinese Journal of Zoology

54 %

<
N

e
o

#R 1@ Amplitude
)

|
f=d
\S)

a

#r

4
0

(=3
N
d

L
o
T

028 056 084

112

1.40

#R 1@ Amplitude

|
I
o

t

|
<
»
(=]

&I Amplitude
S o
S [\8) S

|
S
)

|
<
'S

032 0.64 0.96

1.28

1.60

0

S N
o i

&I Amplitude
)

|
o
N

|
<
n

e
g

4 08 1.2 1.6 20

0.

e

(=]

B a. o e g AMRIRIREEAT XWEAT.

i

0.4 0.6 1.2
fist[E] Time (s)

24

B 1

Fig.1 Oscillogram and sonogram of calls in Hylarana guentheri
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Figure a, c, e, and g represent the oscillogram of calls that were composed of from a single note to four notes, respectively. Figure b, d, f, and h

represent the sonogram of calls that were composed of from a single note to four notes, respectively.
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Table 1 Acoustic properties of Hylarana guentheri

iy 7K
Call types

My R (ms)
Call duration

FH (Hz)
Fundamental frequency

TR (ms)
Note duration

L TS S Single-note call

MGG Two-note call

NS Three-note call

JU% 457 Four-note call

113.62 +30.23
337.62+15.32

57447 +17.31

803.56 + 57.27

Eail FH (Hz)
Note Dominant frequency
1 1 037.69 + 309.87¢
1 1208.38 + 125.54%
2 1071.72 + 165.50°

1 1246.51 + 140.05*¢
2 1234.10 + 156.09*¢

3 1080.91 + 253.32

1 1426.89 + 54.41°

2 1291.38 + 204.82%
3 1401.00 + 82.63

4 1 345.84 + 168.08"

F=12.964"

362.32 +35.39
349.44 +24.57
341.62+21.86
373.07 + 52.00
361.22 + 58.47
357.91 +40.26
325.48 +47.52
351.55 +95.20
317.69 + 37.29
333.26 + 54.62
F=1.747"

116.26 + 31.41™¢
110.28 + 11.70¢
109.44 + 8.78¢
122.75 +22.90"¢
129.19 +20.79"*¢
113.39 + 15.77%
154.50 £19.29*
141.11 + 17.80%
136.83 + 14.84%°
138.83 + 13.15%®
F=10.987"

[A]— % T _E AR A BRI A A RN R R 22 5 3% (P <0.05) (Games-Howell test, o= 0.05); **:

P<0.01, NZERKEE: NSH

All superscripts letters in the same column are not the same to indicate significant difference (P < 0.05) (Games-Howell test, a2 = 0.05), **

indicated significant differences at P < 0.01, NS indicated not significant.
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Fig. 2 Diurnal variation in calls (a), air temperature and relative humidity (b) of Hylarana guentheri
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Table 2 Comparison of calls, notes between day and night of Hylarana guentheri

%# (/h) Calls per 1 h and notes per 1 h

g K Call types Z
4K Day P Night
MG Total call 1097.53 + 508.79 670.84 + 563.36 - 8.369"
M Total note 1 489.42 + 955.56 804.99 + 893.27 - 8.808""
FLEAISTE Single-note call 726.18 +306.92 551.24 +364.34 -5.307"
WFH TG Two-note call 34278 +383.85 105.74 +283.11 -9.134"
ZHFI A Three-note call 27.60 + 85.93 13.18 £ 57.74 -5307"
P4 M7 Four-note call 0.97+5.76 0.68 +4.79 -1.924

#*; P<0.01, ZRWE#E. ** indicated significant differences at P <0.01.
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2 3000 g
8 s £ 4000
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i 1000 AT 1
ﬁ e e e ﬁ 1000
2 0
#o 0
24 26 28 30 32 34 36 24 26 28 30 32 34 36
IR E Air temperature ('C) IRIFIRE Air temperature ('C)

B3 AKESEHER (. THTHE (b)) 5HRFEEKRR

Fig. 3 Relationship between calls (a), notes (b) and temperature of Hylarana guentheri
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Fig. 4 Relationship between calls (a), notes (b) and relative humidity of Hylarana guentheri

3 Wi RPE B 475 515 5 e E 55 5 PP 3R A5
Z I H (Wells et al. 2006, Bernal et al. 2009) .
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14:00 FF Ay iy sy e S0, O8] s 122 P Aol 0 g T =45
BN 24 h BT .

RN, ZARTESNAT N, TR
WG BN [F] — R AN [ B[] 0 5 4 e B —
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Almeida-Gomes et al. 2007) o fiff 70 & BT S 1
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WG 2 AR R B 5K g . ST
BT ERAE, X AT AR AR IR A YR RF
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